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ABSTRACT : The Cannington Ag-Pb-Zn deposit, northwest Queensland, Australia developed around
the host rocks composing banded and migmatitic gneisses, sillimanite-garnet schist and amphibolite.
Three crystal habits of sillimanite, gahnite (Zn-spinel) and garnet porphyroblasts occurred on the host
rocks of the Cannington deposit could be used to delineate metamorphism that closely associated with
Zn-mineralization in the deposit. Linkages the metamorphism to Zinc-mineralization is determined in
four chemical systems, KFMASH (K>0-FeO-MgO-Al,0;-Si0>-H,0), KFMASHTO (K,0-FeO-MgO-
ALO3-Si0,-H,0-Ti0;-Fey03), NCKFMASH (Na;0-Ca0-K,0-FeO-MgO-Al;03-Si02-H,0) and MnNCK-
FMASH (MnO-Na;0-Ca0-K,0-FeO-MgO-Al;03-Si0,-H,0), using THERMOCALC program (version
3.1; Powell and Holland 1988). Partial melting in MnNCKFMASH and NCKFMASH systems occurs
at lower temperature than in the KFMASH and KFMASHTO systems. The partial melting temperature
decreases with increasing of Na/(Na+Ca+K) of the bulk rock compositions in the MnNCKFMASH
system. The host rocks have melted ca 15 vol.% in the MnNCKFMASH system at peak metamorphic
conditions (634+62°C and 4.8%£1.3 kbar), but partial melting have not occurred in KFMASHTO
system. Based on calculations of sillimanite isograd in different systems and sillimanite modal pro-
portion, prismatic and rhombic sillimanite and gahnite porphyroblasts including prismatic sillimanite
inclusion probably have resulted from pressure and temperature increasing through partial melting
(from 550~600°C, 2.0~3.0 kbar to 700~750C, 5.0~7.0 kbar), furthermore have experienced N-S
then W-E crustal shortening during D, and D, deformation. Consequently, Zinc mineralization related
to gahnite growth occurred during D; and was redistributed and upgraded by partial melting and
retrograde metamorphism into structural and rheological sites during shearing in Ds.

Key words : Ag-Pb-Zn cannington deposit, gahnite, sillimanite, THERMOCALC, partial melting
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Fig. 1. (a) Location and geological setting of the Cannington deposit compiled from Bureau of Mineral
Resources mapping (Selwyn and Kuridala extended 1:1,000,000 sheets). (b) Plan view of Proterozoic
basement geology at the Cannington deposit (Phanerozoic cover removed; BHP data), and (¢) Generalized
cross section (A-B) showing the spatial arrangement of lodes and mesoscopic structures. Poles to S2 and
compositional layering (BC) around the synformal fold (F2) are plotted on lower hemisphere equal area
stereographic projections, and are from underground and diamond drill core.
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Table 1. Bulk rock chemical analyses of samples
from metapelitic rocks.

CADe6!

Sample CADA420A

No. -557 267 KU3

Si0, 56.19 64.28 60.92
TiO, 0.60 0.74 0.64
ALO; 17.07 16.72 19.87
Fey03 1.29 0.79 0.79
FeO 11.60 7.14 7.14
MnO 0.29 0.13 0.29
MgO 0.90 2.21 0.97
Ca0 1.56 0.41 1.10
Na:0 0.65 1.48 0.39
K,0 7.33 4.55 5.07
P20s 0.78 0.09 0.16
SO, 0.04 bd bd
LOI 0.99 1.95 3.24
Total 99.29 100.48 100.58
A -0.556 0.111 0214
A® -1.302 -0.083 0.059
XFe’ 0.879 0.644 0.805
N/N+K* 0.119 0.331 0.105
N/NHKAHC 0.090 0.301 0.079
“and ° calculated from molecular percent of the oxides

as follows: *, A = (ALO;-3K20) / (AL03-3K,0+FeO+
MgO); °, A = (AhLO3-3K20-CaO-Nay0) / (A1,05-3K,0-
Ca0-Na;0+FeO+Mg0). ©, Xp = FeO / (FeO+Mg0), °,
N /N + K = Na,0 / (Na,0+K:0); , N / N+K+C =
Na;O / (Na,O+K,0+CaO)
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Fig. 2. Photomicrographs and back scattered images (BSI) of gahnite occurrence. (a) BSI of gahnite
porphyroblasts in sample CAD61 (557) that have altered by plagioclase and quartz. (b) Gahnite strongly
dissolved by fibrous sillimanite in sample KUI4. (¢) Gahnite porphyroblast in sample KU14 preserved
fibrous sillimanite inclusions. All photos are taken from vertical thin sections with single barbed arrows
showing strike and way up, and under plane polarized light (PPL).
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Fig. 3. Photomicrographs of sillimanite occurrences. (a) Sillimanite (rhombic) paramorph after andalusite
in sample CAD420A (267). (b) Aggregation of crenulated and folded prismatic and fibrous sillimanite that
dissolved garmnet porphyroblasts in sample CAD103(293). (¢) Crenulated fibrous sillimanite with biotite
and muscovite in sample CAD252 (562). All photos are taken from vertical thin sections with single
barbed arrows showing strike and way up, and under plane polarized light (PPL).

N ARE A os ZFHAAL S3E
of LhEhTHL Y 2b). o} ojl-BRH L A%
WA Ao FA4E WF 28 FEZ 7HAL
Jehm(ag 20, 3ol FHY uE dE
Helg E3 of FBL BHTY LS %
Ade F83% #FE F shojthMark, 1993;
Waters and Bailey, 1998; Giles, 2000).

A

A4 e 9l

fr
=
e
M
o
Hd
02
2

F44

flo

A AEEH, 259 44 Feo gt A A =Z
FREAt AWAE TUY B $4Y gy=
71ARANA 28l O-¥ 71 (paramorph) 0.2 4F
ZHtHad 3a). ©o] /PG o A4S o
AAo] olyzl o8 A AN JAFA=Z
e, ol FFA Wb} WA Ul A
Aoz Wold Aow 4R JHMark er al,
1998). o] b7} U9 T84 FAHL ¢
2o} o] AguE HAJa, ZfERAGA By
d gFdese 2= 38 349 463

Hael Aol o8 2EA YEtIE 3a).

~ 314 —



Fig. 4. (a) Garnet poprhyroblast shows two growth zones, 1nclu51on rlch core and poor rim, and was
strongly dissolved by sillimanite in sample KU3. (b) Garnet porphyroblast in amphibolite (sample CAD401
(421)) display sigmoidal inclusion trails composing biotite, homnblende, ilmenite, magnetite, apatite that
have truncated by the matrix foliation. All photos are taken from vertical thin sections with single barbed
arrows showing strike and way up, and under plane polarized light (PPL).
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Table 2. FIA trends of garnet and gahnite for the
area in the Cannington deposit

Sample Rock type Garnet Gahnite
No. core rim
KU3 Banded Gneiss 95
KU14 Sill-Bt-Ms Schist
KU14-1 Sill-Bt-Ms Schist
KU17-1 Amphibolite 15 15
CAD61 (557) Banded Gneiss 352
CAD61 (561) Banded Gneiss 350 0
CAD401 (177) Sill-Bt-Ms Schist 85
CADA401 (192) Amphibolite 20 20
CAD410 (68) Sill-Bt-Ms Schist 10
CAD410 (421) Amphibolite 83 18
CADS552 (132) Banded Gneiss 80
CADS552 (138) Amphibolite 0
CADS52 (267) Amphibolite 7
CADS552 (268) Amphibolite 80
CADS552 (272) Amphibolite 80
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Fig. 6. Calculated P-T pseudosections in MANCKFAMSH and KFMASHTO systems for (a and b)
sample CAD61 (557), (¢ and d) sample CAD420 (267), (e and f) sample. Boundaries delineating the
appearance or demise of sillimanite and melt phases have been highlighted. All mineral abbreviations from

Kretz (1983).
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Table 3. P-T conditions for three
conventional thermobarometers

P
T

samples calculated using average P-T mode in THERMOCALC and

Sp. No.* site Grt il i Average P-T THERMOSALC . e f
F/(F+M) Xca Xan F/F+M) +sd 2 9) Cor. Sigfit. Remark

CADA401 (192) 1 0861 0.196 0.517 0.625 669+t57 59+14 0630 0.77(1.61) 1,2,34,5
2 0869 0.196 0464 0.652 695188 48112 0414 0.68(1.73) 1,2,3,6

3 0.878 0.189 0464 0.653 65358 47113 0.625 0.93(1.61) 1,234,

4 0881 0.187 0536 0.624 60555 49+1.1 0578 0.74(1.61) 1,2,345

5 0.897 0.195 0535 0.608 56171  56*1.8 0.635 1.48(1.61) 12,345

6 0870 0.178 0.486 0.636 62576 42x12 0440 0.90(1.73) 1,2,3,6

7 0872 0.183 0471 0.634 625157 40+1.1 0574 1.02(1.61) 123,45

8 0863 0.182 0507 0.612 651157 49*13 0.630 0.89(1.61) 12345

9 0865 0.157 0507 0.612 6321£58 42+£12 0567 0.93(1.61) 1,2345

10 0841 0.175 0.529 0.643 641£53  54%13 0.634 1.01(1.61) 12,345

11 0878 0.194 0499 0.627 65258 52%13 0.629 0.86(1.61) 127345

CAD552 (267) 0.992 0238 0313 0.618 581+55 4712 0.617 0.590(1.61) 1,2,3,4,5
CADS52 (272) 0.904 0.152 0340 0.724 65569 36113 0497 090(1.61) 12345

Independent equilibria®

(1) 2py + 4gr + 3ts + 12q = 3tr + 12an
(2) o6tr + 2lan = 10py + llgr + 27q + 6H.0O
(3) 6fact + 2lan = 11gr + 10alm + 27q + 6H,O

(4) 3tr + 6parg + 18an = 4py + 8gr + 6ts + 3gl
(5) 3tr + 3ts + 6parg + 18ab = 4py + 8gr + 12gl
(6) 2parg + 8q = tr + ts + 2ab

* Number in parentheses represents strike of thin section. |, F/(F+M), Fe/(Fe+Mg) in garnet; Xc,, Ca/(Fe+Mg+
Mn+Ca) in gamet; °, Xan, Ca/(Ca+Nat+K) in plagioclase; ¢, F/(F+M), Fe/(Fe+Mg) in hornblende; ¢ correlation; ©, the
number in parenthesis are sigfit for 95% confidence; " the numbers indicate equilibria for calculation of P-T
conditions; ¥, End-member abbreviations and formulae given in Powell et al. (1998).
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Fig. 7. (a) Sillimanite isograds of sample KU3 in four different systems. (b) Variation of sillimanite
isograd of three samples in MnNCKFMASH system. Numbers in boxes indicate Na/(NatK) ratio. (c)
Variation of sillimanite isograd of three samples in KFMASHTO system. Numbers in boxes indicate
Fe/(Fe+Mg) ratio.
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Fig. 8. (a and b) Siliimanite modal proportion of sample CAD420A (267) in
MnKFMASH and KFMASHTO systems respectively. (¢ and d) Sillimanite modal
proportion of sample CAD61 (557) in Mn KFMASH and KFMASHTO systems
respectively. Black arrows indicate P-T paths for sillimanite growth.

10 10
——
[ (a) L (b) R
'
X - = = e cab
8 8k
| MaNCKFMASH L NN K) - (030}
6 r 6
b
= 5 [T
] L
2 2 O &
=~ ® D
a 4t g b @,
‘\
- [~ Al
s 2t .
in two systems Ve =
L L ) L . s :
600 700 800 900 0 600 700 800 900
T «C T C

Fig. 9. (a) P-T diagram showing melt-in lines for sample KU3 in different four
systems. (b) P-T diagram showing melt-in lines in MDINCKFAMSH and KFMASHTO
systems for three samples. Open circles and squares, and closed circles indicate P-T
conditions with ranges of standard deviation (2) that calculated from garnet-
hornblende-plagioclase compositions in sample CAD401 (192) using program THE-
RMOCALC. See Fig. A and Table 3 for details.
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KFMASHTO systems respectively. (¢ and d) Modal proportion of melt in sample CAD420
(267) in MnNCKFMASH and KFMASHTO systems respectively.
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Table A. Representative analyses of garnet, hornblende and plagioclase

CAD401 (192) CAD552 CADSS2

Samples Garnet -267 =272
1 2 3 4 5 6 7 8 9 10 11 12 13

Si0, 36.89 37.73 3689 3730 37.11 37.09 37.14 3737 3714 3786 36.80 35.89 36.46
TiO2 0.00 0.40 0.08 0.00 0.33 0.00  0O.II 0.00 0.10 0.00 046 0.2t 0.38
ALO; 2041 2030 2021 20.67 20.10 20.60 2042 2031 20.64 21.09 1991 18.64 20.20
FeO 29.10 2923 2905 29.16 29.61 3057 29.88 3029 29.60 30.11 29.36 20.03 2591
MnO 3.32 3.18 349 413 3.44 330 3.03 2.87 3.99 2.69 3.49 14.03 8.95
MgO 2.64 247 227 221 1.90 256 246 2.69 2.59 3.19 2.29 0.94 1.54
Ca0 7.05 7.01 6.68 6.69  6.89 6.53 6.54 6.60 5.57 6.39 6.94 8.74 5.30
Na,O 0.58 0.41 0.01 0.00 0.00 006  0.07 0.00 0.00 0.49 0.00 0.00 0.00
K,0 0.00 0.15 0.08 0.04 020 0.14  0.00 0.00 0.00 0.12 0.00 0.00 0.00

TOTAL _ 99.99 100.88 98.76 10020 99.58 100.85 99.65 100.13 99.63 101.94 99.25 98.48 98.74

Cations per 24 oxygens

Si 5941  6.007 6.005 5989 6.008 5939 5990 6.000 5988 5954 5974 5.964 5.977
Ti 0.000 0.048 0.010 0.000 0.040 0.000 0.013 0.000 0013 00600 0.056 0.026 0.047
Al 3872 3.808 3.877 3910 3.834 3886 3.880 3842 3921 3909 3.810 3.649 3.902
Fe 3917 3.891 3952 3913 4.007 4.092 4.029 4066 3990 3959 3.985 2.783 3.551
Mn 0453 0429 0481 0561 0472 0448 0414 039 0545 0.358 0479 1.974 1.242
Mg 0.633 0.585 0.549 0529 0459 0610 0.591 0644 0622 0.748 0.555 0234 0377
Ca 1.216  1.195 1.164 1150 1.194 1.119 1.129 1.135 0961 1.076 1207 1.556 0.930
Na 0.181 0.126 0.002 0.000 0.000 0.019 0.021 0.000 0.000 0.150 0.000 0.000 0.000
K 0.000 0.031 0.017 0008 0.041 0.030 0.000 0.000 0000 0.025 0.000 0.000 0.000
TOTAL 16.214 16.120 16.057 16.060 16.055 16.142 16.067 16.078 16.039 16.179 16.066 16.186 16.025
Hornblende
Si0, 4122 41.02 4140 4087 4133 4065 4085 40.62 4062 40.73 40.75 42.32 39.77
TiO, 0.91 0.85 0.85 0.67 0.77 1.03 0.78 1.21 1.21 0.74 1.02 0.72 0.39
AlLO; 13.72 1340 13.88 1392 1462 1340 1328 13.67 13.67 13.77 13.50 9.73 11.02
FeO 2129 2293 2241 21.53 2117 22.09 2224 20.89 2089 2264 2135 22.48 25.89
MnO 0.32 0.07 0.35 0.24 0.26 0.30 0.47 0.22 0.22 0.38 0.17 1.34 0.65
MgO 717 6.87 6.68 7.29 7.67 7.08 7.21 7.43 7.43 7.06 7.13 7.82 5.53
Ca0O 11.50 1140 11.53 1140 11.57 11.41 11.04 1124 1124 11.17 11.27 10.78 10.81
Na;O 1.40 0.82 0.54 1.05 2.13 0.49 0.55 0.65 0.65 0.97 0.91 1.55 1.32
KO 091 0.98 0.92 0.94 0.85 0.99 0.86 0.82 0.82 0.94 0.93 0.24 1.06

TOTAL 98.44 9834 98.56 9791 10037 9744 9728 9675 96.75 9840 97.03 96.98 96.44

Cations per 24 oxygens

Si 6.548 6.560 6.578 6.529 6.441 6543 6.581 6.537 6.537 6.509 6.562 6.877 6.648
Ti 0.109 0.102 0.102 0.081 0.090 0.125 0.094 0146 0.146 0.089 0.123 0.088 0.048
Al 2,569 2.525 2599 2621 2685 2542 2520 2593 2593 23593 2562 1.863 2172
Fe 2.827 3.065 2976 2875 2758 2972 2994 2810 2810 3.025 2.874 3.054 3.617
Mn 0.044 0.009 0.048 0.033 0.034 0041 0.063 0.030 0.030 0.052 0.023 0.184 0.092
Mg 1.696 1.636 1.581 1.734 1.780 1.697 1.731 1.781 1.781 1.681 1.709 1.892 1.378
Ca 1957 1953 1961 1950 1931 1966 1906 1937 1.937 1911 1944 1.876 1.935
Na 0432 0255 0.166 0324 0.644 0151 0172 0202 0202 0301 0.283 0.487 0.427
K 0.185 0.201 0.187 0.192 0.168 0.204 0.177 0.168 0.168 0.191 0.192 0.049 0.227

TOTAL 16367 16304 16.197 16.338 16.532 16.240 16.239 16.205 16.205 16.351 16272 16371  16.545

Plagioclase

Si0, 55.59 5622 5622 5472 5437 56.64 5482 5636 5636 5533 56.24 60.11 59.84
ALO; 26.02 2577 2577 2704 2664 2667 2734 27.19 27.19 2701 26.96 24.11 24.56
MgO 0.14 0.17 0.17 0.22 0.27 0.39 0.54 0.41 0.41 0.22 0.51 0.44 0.23
CaO 10.03 9.28 928 1035 10.53 9.13 1033 9.55 9.55 10.24 9.87 6.04 6.42
Na,O 5.05 5.86 5.86 4.84 495 5.35 6.30 5.08 5.08 4.92 5.36 7.32 6.89
K>O 0.21 0.11 0.11 0.17 0.17 0.00 0.18 0.07 0.07 0.17 0.16 0.23 0.11

TOTAL 97.04 9741 9741 9734 9693 98.18 99.51 98.66 98.66 97.89 99.10 98.25 98.05

Cations per 32 oxygens

Si 10.255 10.311 10311 10.067 10.065 10.278 9936 10.195 10.195 10.122 10.167 10.839 10.819
Al 5.638 5.551 5551 5850 5797 5686 5.828 5782 5782 5811 5728 5.094 5.180
Mg 0.040 0.046 0.046 0.062 0.075 0.107 0.148 0.111 0.i11 0.062 0.139 0.120 0.063
Ca 2.014 1.852 1.852 2074 2.123 1.803 2.039 1.880 1.880 2.040 1.941 1.185 1.276
Na 1.835 2115 2.115 1.756 1803 1910 2249 1.810 1810 1774 1907 2.598 2.481
K 0.050 0.027 0.027 0.040 0.040 0.000 0.042 0.017 0.017 0.041 0.039 0.054 0.025

TOTAL  19.855 19.958 19.958 19.902 19.954 19.834 20.295 19.827 19.827 19.880 19.942 19.889 19.844
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Fig. A. Photomicrograph of garnet porphyroblast in amphibolite
(sample CAD401 (192)) showing locations analyzed for calcu-
lations of P-T conditions. Horizontal thin section. PPL.
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